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(57) AIntraet: The present invention relates generally to a two step solvent extraction circuit to remove impurity metals of zinc and 
cobalt selectively from a valuable noetal of nickel. In order to selectively extract zinc there must be sufficient separation between 
zinc and cobalt in the cyanex 272 system. Similarly for cobalt and nicl^, the separation factor must be of sufficient magnitude to 
obtain a pure nidcd pcoduci. The process for (he solvent extraction of imparity metals is operated at a temperature exceeding 60''C 
beii^ the nuudmum temperature at which solvent extraction circuits conventionally operate* 
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SOLVENT EXTRACTION OF IMPURITIES FROM CONCENTRATED METAL 

SULPHATE SOLUTIONS 

FIELD OF THE INVENTION 
5 The present invention relates generally to a method of 
removing impurity metals from an impure valuable metal 
sulphate stream in a solvent extraction circuit . More 
particularly, the invention relates to the extraction of 
cobalt and/or zinc from a " concentrated nickel sulphate 
10 liquor. 

BACKGROUND TO THE INVENTION 

In the processing of nickel laterites, nickel'^ and cobalt 
are selectively separated from a wide range of impurities 

15 by mixed (Ni/Co) sulphide precipitation. This mixed 

sulphide is then re -leached using temperature and oxygen 
over pressure. The resulting leach solution is acidic and 
usually has concentration ranging from 60 - 120 g/L nickel 
and 5 -15 g/L cobalt, together with other impurities like 

20 copper and zinc. Similarly concentrated leach solutions 

can also be obtained from the pressure leaching of nickel 
sulphide concentrates with oxygen. After neutralisation of 
the acid cobalt can then be separated from nickel via 
solvent extraction. Cyanex 2 72 is typically used to 

25 selectively extract cobalt over nickel in a sulphate 

matrix at a fixed pH. However the extraction of cobalt is 
a cation exchange reaction which releases protons from the 
reagent which must be neutralised as this extraction is pH 
sensitive. Ammonia is typically used as the neutralising 

30 solution both to raise the pH prior to solvent extraction, 
and to maintain a constant pH during extraction. The main 
problem with the use of ammonia in this instance is the 
precipitation of nickel ammonium sulphate, more commonly 
known as nickel double salts, when dealing with solutions 

35 containing high nickel and ammonium sulphate 
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concentrations. For this reason, the feed solution is 
usually diluted to 50-70 g/L nickel strength to prevent 
the formation of nickel double salts. 



5 Figure 1 is a conventional process flowsheet for refining 
a mixed sulphide showing the extraction of cobalt from a 
nickel sulphate solution with a direct addition of ammonia 
to a cobalt solvent extraction circuit. The direct 
addition of ammonia to the concentrated nickel sulphate 
10 solution results in the formation of insoluble nickel 
ammonium sulphate double salts. 

Australian patent No. 667539 by Outokumpu describes a two 
stage process which avoids the formation of this double 
15 salt by: 

(i) pre-neutralisation of a cationic extractant such as 
Cyanex 2 72 to form the ammonium salt; and 

(ii) pre -extract ion or exchange of the Cyanex 272 ammonium 
salt with magnesium sulphate in an aqpieous solution 

2 0 to form a Cyanex 2 72 magnesium salt which is 

contacted with an aqueous nickel sulphate solution in 
a solvent extraction circuit so as to extract nickel . 



Another means of avoiding double salt formation is 
25 described in the specification of the applicant's 
International patent application No. PCT/AU98/00457 . This 
avoids the relatively expensive two stage pre- 
equilibration proposed by patent No. 667539 by adding 
chemically reactive magnesia, magnesium hydroxide, or 
3 0 magnesium carbonate to the cationic extractant without the 
pre-neutralisation step. However, if magnesia or 

magnesium pre -equilibrated extractant is used to avoid the 
formation of double salts this introduces magnesium ions 
that contaminates the final ammonium sulphate product . 
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SUMMARY OF THE INVENTION 

According to the present invention there is provided a 
method of removing impurity metals from an impure 
5 concentrated valuable metal sulphate stream in a solvent 
extraction circuit, said method involving contacting the 
impure concentrated valuable metal sulphate stream with a 
cationic solvent extractant, in the solvent extraction 
circuit operated at a relatively high temperature which is 

10 effective in increasing the solubility of the valuable 
metal in the concentrated sulphate stream containing 
ammonium sulphate, said extraction circuit also being 
operated whereby one or more of the impurity metals is 
loaded on the cationic solvent extractant using ammonia to 

15 control the pH whilst a raffinate of the solvent 
extraction circuit which contains the valuable metal is 
enriched in ammonium sulphate. 

Conventionally when ammonia serves as the neutralising 

2 0 agent with concentrated nickel sulphate liquors, insoluble 

nickel salts such as nickel ammonium sulphate double salts 
may be formed. According to an embodiment of the 
invention, the formation of insoluble valuable metal salts 
is avoided by operating the solvent extraction circuit at 
25 significantly higher temperatures than is conventionally 
practised, and by using kerosene diluents with 
significantly higher flash point temperatures. 

Generally the impure valuable metal sulphate stream is a 

3 0 nickel sulphate liquor, for example that obtained by 

acid/ oxygen pressure leaching of a nickel-cobalt sulphide 
concentrate or a mixed nickel/cobalt sulphide precipitate 
obtained during the processing of nickel lateritic ores - 

35 Preferably the relatively high temperature is greater than 
about 60°C- More preferably the high temperature is 
between about 80 to 100°C. 
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Typically the nickel sulphate liquor is a relatively 
concentrated liquor- More typically the nickel sulphate 
liquor contains at least about 60 g/L Ni. 

5 

Preferably the cationic solvent extractant is mixed with 
an organic diluent of a relatively high flash point- More 
preferably the organic "diluent is a paraffin based diluent 
such as that commercially available as ISOPAR V- 

10 

Typically the solvent extraction circuit is designed to 
remove one or two of said impurity metals, respectively, 
from the nickel sulphate liquor. More typically two 
extraction circuits are designed to remove Zn and Co, 
15 respectively, from the nickel sulphate liquor. 

Preferably the cationic solvent extractant comprises a 
phosphinic acid such as a bis (2,4,4 trimethylpentyl) 
phosphinic acid, for example that commercially available 
20 as CYANEX 272. 

Generally the impurity metals include Co, Zn, Fe, Al, Cr 
and Cu. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

In order to achieve a better understanding of the nature 
of the present invention, a preferred embodiment of a 
method of removing impurity metals from an impure 
concentrated valuable metal sulphate stream in a solvent 
30 extraction circuit will now be described, by way of 
example only, with reference to the following drawings: 

Figure 1 is a conventional refinery flow sheet for 
treating nickel sulphate leach liquors; 

Figure 2 is a two stage zinc/cobalt solvent 
35 extraction recovery circuit; 

Figure 3 is a pH extraction isotherm at a temperature 
of 85°C for Cyanex 272 in a preferred high flash point 
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temperature diluent using an impure concentrated nickel 
sulphate liquor; 

Figure 4 is a comparative pH extraction isotherm at 

« 

5 0°C for Cyanex 272 in Shellsol 204 6 kerosene diluent for 
5 an impure nickel sulphate liquor; and 

Figures 5 to 8 are nickel solubility plots at 50°C, 
60°C, 70°C and 80°C which show the relative solubility of a 
range of nickel sulphate solutions in the presence of 
various ammonium sulphate concentrations. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
According to one embodiment of a process for the solvent 
extraction of impurity metals from a concentrated nickel 
sulphate liquor the solvent extraction circuit is operated 

15 at a temperature exceeding 60°C being the maximum 
temperature at which solvent extraction circuits 
conventionally operate. This is now feasible with the 
availability of high flash point diluents and the 
commercialisation of pulse columns. This will for example 

20 enable the conventional process flowsheet shown in Figure 
1 to be operated at high nickel strengths and avoid 
dilution of the nickel process stream prior to cobalt 
removal . It has been found in one embodiment that by 

operating the solvent extraction circuit at 85°C ammonium 
25 sulphate concentrations above 50 g/L can be tolerated at 
nickel strengths of 90 - 100 g/L. 

A cat ionic solvent extract ant Cyanex 272 (a phosphinic 
acid) , was used in this example together with an 
3 0 isoparaffin diluent ISOPAR V. An impure valuable metal 
sulphate stream in this example is a nickel sulphate 
liqpjior which was produced from pressure leaching a mixed 
sulphide which in turn had been produced by treating a 
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nickel laterite leach liquor with hydrogen sulphide. The 
liquor composition is shown in Table 1. 



Table 1 - Ittqpure Nickel Sulphate Solution Composition (g/L) 



Ni 


Co 


Zn 


Cu 


Mn 


Fe 


Cr 


Ca 


Al 


S 


Amsul 


103 


8.78 


0.634 


0.002 


0.012 


0.246 


0.063 


0.060 


0.082 


68.0 


21.7 



Cyanex 272 extract ant is a phosphinic acid that is highly 
selective in the separation of zinc and cobalt from 
nickel . When in its protonated form (Hr**) the pH decreases 
10 as the zinc or cobalt is extracted and exchanges with the 
hydrogen ion according to the following reaction: 

2R2POO"H'** + M^* <S> (R2POO")2M^'*' + 2H+ (1) 

15 where, M « Zn or Co- 

The acid generated from the reaction is neutralised with 
ammonia to form ammonium sulphate. 

2 0 Figure 2 shows a two step solvent extraction circuit to 

remove impurity metals of zinc and cobalt selectively from 
a valuable metal of nickel. In order to selectively 
extract zinc there must be sufficient separation between 
zinc and cobalt in the Cyanex 272 system. Similarly for 
25 cobalt from nickel, the separation factor must be of 

sufficient magnitude to obtain a pure nickel product . The 
separation factor is dependent on a number of variables 
including temperature, aromatic content of diluent, and 
extract ant concentration. In the case of nickel hydrogen 

3 0 reduction up to 2 g/L cobalt can be present in the nickel 

reduction feed without causing any significant technical 
issues. In the case of nickel electrowinning less than 
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lOppm cobalt can be present in the nickel catholyte to 
result in the production of off -spec LME nickel. 



The extraction pH isotherms were constructed to determine 
5 the optimum operating pH during extraction. Figure 3 
shows the pH extraction isotherm according to one 
embodiment of the invention obtained at a temperature of 

85°C for 0.85M Cyanex 272 in ISOPAR V using a concentrated 
feed solution containing about 103 g/L Ni and 9 g/L Co. 
10 Figure 4 shows a comparative pH extraction isotherm for 

0.45iyi Cyanex 2 72 in Shellsol 2 046 obtained at SO^'C using . 
the impure feed solution diluted to a nickel concentration 
of 65 g/L. As mentioned above the separation factor of 
Cyanex 2 72 is dependent on the temperature of the 
15 extraction and the aromatic content of. the diluent- The. 
two extraction isotherms of Figures 3 and 4 indicate a 
shift to the left with an increase in temperature and 
lower aromatic content of the diluent according to the 
preferred method of the invention. 

20 

The bench scale tests indicated that selective extraction 
of zinc over cobalt is possible with Cyanex 272. It is 
envisaged that this stage will be controlled between pH 
2.00 and 2.25, A certain amovmt of zinc can be tolerated 
25 in the cobalt and nickel reduction feed. This zinc would 
be precipitated at the end of hydrogen reduction as a 
mixed sulphide. It is anticipated that any co-extracted 
cobalt will be recovered in the scrub circuit and recycled 
to extraction as shown in Figure 3 . 

30 

Cobalt can be selectively extracted from nickel in the pH 
range of 4.00 to 4.50. Any Fe, Cu, Zn, Mn and Mg 
remaining in the liquor will be fully loaded onto the 
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organic with the cobalt. However, these impurities should 
be present at very low levels . 



Figures 5 to 8 are plots of the relative nickel solubility 
5 over a range of nickel concentrations in the presence of 
various concentrations of attimoniutn sulphate at selected 
temperatures. Figures 5 and 6 are intended as comparative 
plots at the maximum normal operating temperatures for 
solvent extraction and show significant precipitation of 

10 nickel occurs once the concentration of Ni exceeds 60 g/L 
in the presence of more than 4 0 g/L ammonium sulphate . 
Figures 7 and 8 give an indication of nickel solubility at 
temperatures within the scope of the preferred embodiment 
of the present invention. It is clear that the increased 

15 temperatures increase the solubility of the valuable 
metal, in this example nickel, with relatively high 

concentrations of ammonium sulphate. For example, at 80®C 
an ammonium sulphate concentration of 50 g/L can be 
tolerated at nickel strengths of between 80 to 120 g/L. 

20 

Now that a preferred embodiment of the invention has been 
described in some detail it will be apparent to those 
skilled in the art that the method of removing impurity 
metals in a solvent extraction circuit has at least the 
25 following advantages: 

(i) increased concentrations of nickel can be tolerated 
in the solvent extraction circuit; and 

(ii) relatively high temperatures for the extraction 
circuit are possible with high flash point 

30 diluents. 



Those skilled in the art will appreciate that the 
invention described herein is susceptible to variations 
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and modifications other than those specifically described. 
For example, the impure valuable metal sulphate stream may 
be cobalt sulphate and is not limited to the concentrated 
nickel sulphate liquor described. Furthermore, the 
5 temperature of the extraction circuit need not be 

restricted to the temperatures described but rather extend 
to relatively high temperatures that are effective in 
increasing the solubility of the valuable metal in the 

« 

sulphate stream in the presence of added ammonium 
10 sulphate • The cationic solvent extractant and diluent 
described may also vary provided the required impurity 
metal loading is achieved. 

All such variations and modifications are to be considered 
15 within the scope of the present invention the nature of 

which is to be determined from the foregoing description. 

It is to be understood that a reference herein to a prior 
art document does not constitute an admission that the 
20 document forms part of the common general knowledge in the 
art in Australia or in any other country. 



25 



30 
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CLAIMS: 

1) A method of removing impurity metals from an impure 
concentrated valuable metal sulphate stream in a solvent 

5 extraction circuit, said method involving contacting the 
impure concentrated valuable metal sulphate stream with a 
cationic solvent extractant, in the solvent extraction 
circuit operated at a relatively high temperature which is 
effective in increasing the solubility of the valuable 

10 metal, in the concentrated sulphate stream containing 
ammonium sulphate, said extraction circuit also being 
operated whereby one or more of the impurity metals is 
loaded on the cationic solvent extractant using ammonia to 
control the pH whilst a raffinate of the solvent 

15 extraction circuit which contains the valuable metal is 
enriched in ammonium sulphate . 

2) A method as defined in Claim 1 wherein the relatively 
high temperature is greater than about 60°C. 

20 

3) A method as defined in Claim 1 wherein the high 
temperature is between 80 to lOO^'C. 

■ 

4) A method as defined in any one of the preceding 

25 claims wherein the impure valuable metal sulphate stream 
is a nickel sulphate liquor. 

5) A method as defined in Claim 4 wherein the nickel 
sulphate liquor is obtained by acid/oxygen pressure 

30 leaching of a nickel/cobalt sulphide precipitate obtained 
during the processing of nickel lateritic ores- 
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6) A method as defined in Claim 4 or 5 wherein the 
nickel sulphate liquor is a relatively concentrated 
lic[uor . 

5 7) A method as defined in Claim 6 wherein the nickel 
sulphate liquor contains at least about 60 g/L Ni . 

8) A method as defined in any one of Claims 4 to 7 
wherein the solvent extraction circuit is designed to 

10 remove one or two of said impurity metals, respectively, 
from the nickel sulphate liquor. 

9) A method as defined in Claim 8 wherein two extraction 
circuits are designed to remove Zn and Co, respectively, 

15 from the nickel sulphate liquor, 

10) A method as defined in any one of the preceding 
Claims wherein the cationic solvent extractant is mixed 
with an organic diluent of a relatively high flash point. 

20 

11) A method as defined in Claim 10 wherein the organic 
diluent is a paraffin based diluent. 

12) A method as defined in any one of the preceding 

25 Claims wherein the cationic solvent extractant comprises a 
phosphonic acid such as a bis (2,4,4 trimethlypentyl) 
phosphonic acid. 

13) A method as defined in any one of the preceding 

3 0 Claims wherein the impurity metals include Co, Zn, Fe, Al, 
Cr and Cu. 
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